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circuits, component values, and the easiest 
methods for the solution of real problems." 
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Example 1.6. A material has a forbidden gap between the valence 
band and the conduction band of 2.58 ev. The constant A in 
Eq. (1.3) is 10 x 10 16 . Find the number of current carriers 
available at room temperature (300° K). 

Solution: From Eq. (1.3), the number of free electrons is 
Wi -(10 x io 16 )(300 3/2 )8- 2 - 58/(2x0 0258) 
-5.18 x 10 2 V°= 10" 1 
or one electron and one hole for each ten cubic 
centimeters. 

Problem 1.9. Find the resistivity of the material in Ex. 1.6 if M„ = 4000 
cmVvolt-sec and ^ p = 2000 cm 2 /volt-sec. (Arts. 1.045 x 10") 

Problem 1.10. Find the resistivity of the material in Ex. 1.6 when the 
temperature is increased to 2000° K. 



1.6. SEMICONDUCTORS WITH IMPURITIES 

The resistivity of a semicpnduc_tpr_can .be drastically reduced by the 
addition <tf_smaU. amounts .of certain types of impurities. This is called 
doping. Impurities added _to silicon and germanium are usually penta- 
valent (five valence electrons) or triyalent (three valence electrons). When 
a relatively small number of antimony atoms (five valence electrons) is 
added to germanium, four of the five electrons enter the covalent bond. 
The fifth valence electrons on each pentavalent atom is loosely attached 
to the atom. In terms of energy, these electrons occupy a state located 
very close to the bottom of the conduction band, as shown in Fig. 1.8a. 
An energy of only 0.01 ev is required to raise the fifth electrons into the 
conduction band, whereas 0.69 ev is required to break the covalent bond 
and elevate any of the other electrons into the conduction band. At room 
temperature, almost all of the impurity atoms supply one current carrier 
each. 

Thejidsiiticm silicon or 

germaniunL^rodu semiconductor material. Because they add 

electrons to the conduction band without adding holes in the valence band, 
p entavalent impuriti es_are^__fte "donors." 

The additi on of trivalent impurities produces P-typ e semicpnductor 
material, JWyal^ because they 

add holes in the valence band without adding free electrons in the con- 
duction band. The three valence electrons of a trivalent impurity may 
enter the covalent bond. Since four electrons should be contributed by 
each atom to complete the covalent "octet," the bond is not complete. In 
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cases. This product is approximately 5,7 x 10" for ^rmamum and 
?fx 10 20 for silicon at 300° K. We may conclude that P-type 
material has more holes' and fewer free electrons than « 
material and that N-type has more free electrons and fewer holes 
than intrinsic material. c nr 
5 The mobility constants vary with the degree of doping. For 
exl^e in silicon, the following , values have been measured 
(cm 2 /volt-sec). 



Doping 
atoms/cm 3 

1 x 10 15 
5 x 10 15 

1 x 10 lfl 

2 x 10 16 



N-type 

1380 460 

980 390 

830 360 

700 315 



P-type 

fin 

1280 460 

870 410 

720 390 

560 370 



A comparison of these values with those for int rinsi cto«J 
explain why the literature has many different values for the mobility 

6 Th? getration rate for electron-hole pairs is approximately the 
" same for both intrinsic and doped semiconductors. 

Example 1.7. Find the average number of holes and electrons in 
!X centimeter of silicon at 300° K if the sample is doped with 
one impurity donor atom for each 10 7 intrinsic atoms. 
Solution: Silicon contains approximately 5 x 10" atoms per 
c^centimeter. Therefore, 5 x ,0- impurity atoms are added 
to the sample in obtaining the desired doping. Assuming hat each 
inmurity atom contributes one electron, th en the cal number 

ejections or 



n, = w f + n A 5 x 10 



,15 



The number of holes is 



nl 2.3 x 10 2Q 
5 x 10 15 



« 4.6 x 10* 



This last number is smaller than that for intrinsic silicon because, 
wUh many more electrons present, the probability of recombina- 
tion is greater. 

Problem 1.11- Find the resistivity of the sample of silicon in J*. 1.7. 
A*uL that = 1135 and » p = 410 cm'/volt-sec. (Ans. Approx. 1.1 
ohm-cm) 
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Current direction 
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Fig. J.9. Current flow by the mechanism of drift in an impurity semi- 
conductor: (a) N-type and (b) P-type. 



(o) /= t 0 



(b) r = f, 
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Ffe. 1.10. Current flow by diffusion of carriers from an area of high 
concentration to an area of low concentration: (a) initial distribution; 
(b) distribution a short time later; (c) eventual distribution. 
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JUNCTION DIODES 
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In Chap. 1 we investigated the electrical characteristics of crystals. 
A junction diode is f ormed when a piece of N-type semiconductor is . 
joined to a piece of P -type material in such a way that thecrystal lattice is 
continuous across, the. junction. The electrical characteris tics of a diode 
are radically diffecejit^rc?ni^^ material. For 

example, P-type or N-type material will conduct equally well in either 
direction, but a^ojie_wj^ This dif- 

ference is attributed to the nature of the region in the neighborhood of 
the junction. In this chapter we will focus our attention first on the junc- 
tion and its characteristics. Then we will treat diodes as circuit elements. 
Finally, special types of diodes and their applications will be discussed. 

The junction diode is an important circuit element. Equally important 
is the fact that junction diodes are the basic building blocks for almost all 
semiconductor devices. A good understanding of P-N junctions is neces- 
sary in all semiconductor work. 



2.1. THE POTENTIAL BARRIER 



Single crystal P-N junctions may be_ produced. by. several processes. 
Tbj££j3jQhe_r^ 

1. a growing process in which the impurity concentration is varied 
while a crystal is being "pulled" as grown; 

2. an alloying process in which the impurity is melted into a block of 
semiconductor; 

3. a diffusion process in which the impurity gas diffuses into a piece 
of semiconductor material held at a high temperature. 

The process employed determines to some extent the characteristics of a 
diode. For example, an_.alloy4unction is rather, abrupt while a grown 
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^i^P, Our immediate ff^^^^Z 
P-N junction. In this development, «LSfeHELffi^^— - - h 
therefore, W e can expect some minor deviations from the theory 
gradual junctions. 
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Fig. 2.2. A potential barrier formal at the Junction by an array of 
charged impurity atoms. 
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(c) Net charge distribution 
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(d) The potential barrier 



l§2.1] 



than 0.: 
the pre 
junctio 

5. An eqi 
pletion 
in the 

6. When 
into ti 
P-type 
In a si 
quick) 
nwnpi 
of the 

7. Regie 
essen' 
P-typ 



where /> N 
tration ofl 
jp-region a: 

E 

in 
is 



Fig. 2 J. Equilibrium conditions for a typical unbiased diode. (Adapted 
from Electronic and Radio Engineering by F. E. Terman. Copyright, 
1955, McGraw-Hill.) 
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than 0.3 ev for germanium or 0.7 ev for silicon and are moving in 
the proper direction.* Many majority carriers diffuse across the 
junction. 

5. An equal number of minority carriers formed in or near the de- 
pletion region are drifting, under the influence of the space charge, 
in the opposite direction. 

6. When an electron (majority carrier) leaves the N-region and moves 
into the P-region, it becomes a minority carrier. An electron in 
P-type material does not travel far before it combines with a hole. 
In a similar manner, a hole moving into the N-side from the P-side 
quickly combines with an electron. The average distance that 
minority carriers travel before the total number is reduced to l/c 
of the original number is called the diffusion distance, L. 

7. Regions beyond several diffusion distances from the junction are 
essentially undisturbed and may be treated simply as N-type or 
P-type materials. 

An eq uation for finding the value of is 

(2.1) 



K fl =-^ ln ^=-^ln^ 



where p s is the concentration of holes in the N-region, p ? is the concen- 
tration of holes in the P-region, n ? is the concentration of electrons in the 
P-region and « N is the concentration of electrons in the N-region. 

Example 2.1. A germanium diode has 3.68 x 10* 5 electrons/cm 3 
in the N-region and 1.75 x 10 17 holes/cm 3 in the P-region. What 
is the potential barrier across the unbiased junction ? 

Solution: The electron concentration in the P-region is 

nf 5.76 x 10 26 
" P ~ 7p = 1.75 x 10" = 3 3 X 10 e,ectrons / c ™ 3 

Then V B = In = - 0.026 In (0.896 x 10~ 6 ) = 0.362 volt 

q n N 

Problem 2.1. Find the magnitude of the potential barrier for a silicon 
diode which is doped one part in 10* on the P-side and one part in 
5 x 10 7 on the N-side. Silicon has 4.96 x I0 22 atoms/cm 3 . (Ans. 
Approx. 0.68 volt.) 

Problem 2.2. A germanium diode is made of 10 ohm-cm P-type material 
and 1 ohm-cm N-type material. What is the magnitude of the potential 



* The energy of the moving carrier is | mv 2 . The energy associated with the velocity 
component perpendicular to the barrier must be equal to or larger than the above values. 
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barrier at room temperature if /x„ is 3900 cmVvolt-sec and /i, is 1900 
cm'/volt-sec? [Hint: Assume mat ^ Tesist mty is controlled solely by 
majority carriers.] 3 ' 

In a sense, the potential barrier acts as an energy filter or a current 
equalizer. The potential barrier in the unbiased diode will adjust the for- 
^„or_di ffusion curren t so that it is eo ual to the reversVor drifTcurrent 
If the drift current changes for any reason, the magnitude of the barrier 
will change, also. For example, an increase in temperature will increase 
the number of minority carriers generated; therefore, the reverse current 
will increase. The forward current component will also increase because 
more majority carriers have sufficient energy to cross the potential barrier 
However, the reverse current increases more than the forward current' 
In order to equalize the two currents, the potential barrier decreases 
approximately two millivolts per centigrade degree rise.* The amount of 
doping also has an effect on the magnitude of the barrier voltage Minority 
carriers must be generated in or near the depletion region to take part in 
reverse current flow. Decreasing the width of the depletion region will 
reduce the reverse current and allow the barrier voltage to increase An 
increase in the degree of doping decreases the width of the depletion region 
and increases the barrier potential. 

2.2. RECTIFICATION 

The junction dio deJs_a_nonlin ear devi ce becausejt _conducts_current 
better m one direction than in the other di rection. In the circuit shown in 
Fig. 2.4 the diode is "fow ju^bjased" and will conduct current easily The 
batterypoJaxity,ao.d, the_j>ojarit y_of the p otential barrio n ,- thin 
^ediodeaiLppposite. Most of the battery voltage'is dropped across the 
junction. The barrier is lowered and the forward or diffusion current in- 
creases. If the net potential barrier approaches zero, the diffusion current 
becomes enormous, and the diode may be destroyed, f 

When the battery polarity is reversed in the circuit shown in Fig 2 4 
the diode is ''reverse biased." With r evCTsebiasing, the j>plarities of the 
potential .temw md^^t^ rouroe are the same.JThe external voltage 
®§SSthepo!ratial barrier an^deg^gj^orward QLiiffi^n''^uiiint 
As in the case of a forward bias, virtually all of the external reverse-bias 

* This temperature effect is treated more fully in Chap. 6. 

f A forward bias repels majority carriers toward the junction. As these carriers 
approach the junction, they decrease the width of the depletion region and loweTSe 

£SSS"£i i h r creased cur r resu,tin8 from 11,6 bias • *»■'"«* 

to diflus.on. The drift current resulting from the interaction of majority carriers and 
the voltage source » small and is usually neglected in comparison to the difLton cTrr^n, 
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voltage is dropped across the junction. If the reverse bias is increased 
beyond about 0.1 volt, the diffusion current is reduced to a negligible value. 



p 1 .75 xio' 7 holes/cm 3 ; j 

* 3.68x10 electrons/cm 3 

i 1 ■ ■ " /7., 



3.25 x TO 9 electrons/cm 3 ! 



J.55 xlO 11 holes/cm 3 „ 



(b) 



Fig. 2.4. A forward-biased diode: (a) circuit (b) typical carrier concen- 
trations for a forward-biased diode. (Adapted from Electronic and Radio 
Engineering by F. E. Terman. Copyright, 1955, McGraw-Hill.) 

As indicated above, the reverse current is primarily a function of the 
junction temperature. A comparison of the characteristics of biased and 
unbiased junctions is shown in Fig. 2.5. If we assume that no recombina- 
tions of holes and electrons occur within the depletion region, the same 
number of majority carriers that enter the depletion region on one side 
of the junction will emerge as minority, carriers from the.depleted region 
QnJh£jappositeiide-0.f..the junction. The hole density.(holes/cm 3 ) at. the 
edge of the depletion region in the N-materiaUwirtg to diffusion from the 
P-material is given by the following equationjyhen .no external bias is 
applied to the diode: 

where, as shown in Fig. 2.3, 

Px is the number of holes per cubic centimeter existing at the 
N edge of the depletion region in the N-material 
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X u is the distance that the depletion region extends into the 

N-material from the junction 
p p is the equilibrium concentration of holes (holes/cm 3 ) in the 

P-material. 

With zero external bias, equilibrium exists between the forward and re- 
v^c^nlsjnjh^iode. For this condition we can obtain Eq. (2.3) by 
altering Eq. (2.2) so that the concentration of holes at X n that diffuse 
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Fig. 2JS. A comparison of typical junction characteristics: (a) potential 
barrier; (b) charge distribution and depletion regions. (Adapted from 
Electronic and Radio Engineering by F. E. Terman. Copyright, 1955, 
McGraw-Hill.) 

across the junction is equal to the equilibrium concentration of holes 
existing in the N-material, /> N , or 

-to < 2 ' 3 > 
[Notice that Eq. (2.1) may be derived from Eq. (2.3).] I f the pot ential 
barjdterjsj^ 



• We are assuming that the total bias voltage V appears across the junction. 
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(2.3) 
potential 



and therefore the concentration of holes at X H will change. With an 
external bias voltage V applied to the diode, 

Pxn = PpE *(y-y*w = Ppe -« K *>*V K " r 

then by using Eq. (2.3) we obtain, an ^uationjo 
of holes at X Ht or 

P X „ = P»S V,kT ( 2 - 4 > 

The change in the concentration as a result of the bias is the difference 
between the total concentration with an external bias and the concentration 
existing with no bias or 

These holes that diffuse across the junction are surrounded by large 
numbers of electrons. Under this condition, a hole is likely to recombine 
with one of the electrons and disappear. The recombination rate is pro- 
portional to the density of the holes at any point. Mathematically, the 
concentration of holes /y in theJN-reg^ d from the 
junction is y v 
~ ^-Ps^ v/kT -l)s iX ^ d)/Lp (2-6) 

where p d is the concentration of holes at some distance d into the N-region 
JT N is the distance the depletion region extends into the N-region 
L p is the distance at which p d equals 1/e of its value at * N . 

Similarly, the con^tration„,of^ at. some point d in the 

P-region can be determined. Knowing this concentration, we can find the 
diffusion current at any point in the diode from Eq. (1.4). From Eq. (2.6) 
we see that the slope of the concentration curve of minority carriers 
decreases with distance from the junction. After about four diffusion 
lengths, the minority carrier diffusion current has decreased to a negligible 
value. However, in a closed circuit, the current is continuous. This means 
that throu ghout the diode, the total current is constants and as the diffu- 
sion current due_to_minprity..carriers Jecms^ the. drift ..current of 
majority, carriers increases. The conditions existing in a forward-biased 
diode are shown in Fig. 2.6. 

Diffusion current has a maximum value at the edge of the depletion 
region, as shown In Fig! 2JS. ^magnitudes of the hole diffusion current 
qjadjhe^ 

N-material and P-material, respectively, are 



= di^[ £ ^-l] amp 



(2.7) 
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the theoretical curve are (a) a slightly increased value of I, with reveree 
bias du e to current lea kage across the surface of the junction and (b) the 
phenomenon known KMeakdown which usually occurs at high reverse 
voltages, 

Example 2.2. A germanium diode with a reverse current /, of 5 \ul 
has a sine wave applied to its terminals. If the sine wave has a 
peak amplitude of 0.2 volt, what will be the ratio of the peak 
forward to the peak reverse currents? 

Solution: A plot of the performance is shown in Fig. 2.8. The 
peak forward current occurs at the positive peak of the input 
voltage. From Eq. (2.1 1), the peak current is 

h = /j(£ «v/*t _ 1} = (5 x i<r«X6 39 < 0 - 2) - 1) 

w 12.2 ma 

The current that flows when V is at its negative peak value is 

I R = (5 x 10- 6 Xe' 39(0 - 2) - 1) * 5 x 10- 6 amp 
The ratio of the forward to reverse peak currents is 
1 F II R « 2440 

From this example we observe that if the bias voltage exceeds some 
small value (approximately 0. 1 volt), the diode expressions can be simplified 
to 

when V is g reatejjhan +0.1 volt, and 

I « I, 

when V is less than -0.1 volt. 




Ftg.iS. Circuit for Prob. IS. 
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Problem 2.3. Repeat Ex. 2.2 if the peak value of the sine wave is 0.1 
volt. Why is the value of the ratio different from that obtained in 
Ex. 2.2? (Arts. Approx. 50) 

Problem 2.4. Find the maximum and minimum currents that flow in a 
diode as a function of /, if a 0.05-volt-peak sine wave is superimposed 
on a +0.1 d-c voltage across the diode terminals. 

Problem 2.5. Find the current that will flow in the circuit of Fig. 2.9 if 
the reverse diode current /, is 10 ^a at room temperature. (Ans. 
j =4.08 x 10-«a). 



2.3. ELECTRICAL CHARACTERISTICS OF DIODES 

Diodes are rather complex circuit elements. In this section we will 
investigate the important electrical characteristics that determine the be- 
havior of the junction diode in a circuit. These characteristics are: (a) 
forward resistance, (b) reverse resistance, (c) junction capacitance, and 
(d) speed of response. 

2 J.I. Forward Resistance 

The nonlinear voltage-current characteristics of a forward-biased diode, 
as shown in Fig. 2.10, will not allow us to treat it as a fixed value of 
resistance for different current levels. The static or d-c resistance may be. 
determined graphically by finding the inverse slope (i.e., VJQ of a line 
drawn from the origin to a point on the. curve corresponding to the d-c 
current through the diode, as shown in Fig. 2.10. The dynamic or a-c 
resistance of a diode is also a function of the d-c current through the diode. 
The a-c resistance may be determined graphically by finding the inverse 
slope of a line drawn tangent to the curve at the d-c current in . the diode. 
Both the a< and the d-c forward resistances are rather high for low values 
of current and decrease in value as the d-c current increases. 

If the bulk resistance of a diode is neglected, the a-c and d-c resistance 
may be obtained analytically. As indicated above, the dynamic resistance, 
may be found from the slope of the diode characteristics. In equation 
form, this slope is 

r A =dV\dl (2.12) 

By taking the derivative of the diode equation (2.11) and inverting the 
results, the dynamic resistance is obtained. The derivative of Eq. (2.1 1) is 

= id jvi" ~ 3L (2.13) 
dV kT kT 
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its operation as an amplifier will be considered briefly. Finally, some of 
the different types of transistors and the differences in their characteristics 
will be discussed. 



3.1. STATIC CHARACTERISTICS 
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Both NPN and PNP junction transistors are shown in Fig. 3.1 with 
the appropriate bias polarities. Note that in both cases, the emitter-to-base 
junction is biased in the forward direction (the bias reducing the barrier 
voltage) whereas the collector-to-base junction is reverse biased (the bias 
increasing the barrier voltage). The physical thickness of both bases is 
very small, and both are lightly doped. The emitters and the collectors 
are more heavily doped. A major difference between the two u nits is that 
holes are the more important carriers for PNP transistors, whereas elec- 
trons are the important carriers for . NPN transistors. 

Let us now study the operation of an NPN transistor, keeping in mind 
that a PNP unit operates in the same manner but with the role of electrons 
and holes reversed. When the emitter circuit is open, no emitter current 
can flow. The emitter-to-base junction potential is approximately the same 
as that of the unbiased potential barrier. Therefore, the forward current 
I F equals the reverse current f R across this junction. 

The external collector bias may have a magnitude of several volts (5 
to 10 volts is typical). Virtually all of this external voltage is dropped 
across the collector-to-base junction. The polarity is the same as that of 
the collector-base potential barrier. The total voltage across the junction 
is the sum of the unbiased barrier voltage and the external collector-to-base 
voltage. 

As explained in the diode discussion, minority carriers on each side of 
the junction that diffuse into the resulting electric field wUJ_be_swept across 
the barrier. In diodes this flow of minority carriers across the junction 
was called the reverse saturation current / s , but in transistor work it is 
called the collector cutoff current I co or I CBO , The I co current constitutes 
the bottom curve _on. a. set of . output characteristic curves for the common* 
base connection, as shown in Fig. 3.2a. This curve is important for two 
reasons : (a) all of the other curves are referenced to it, and (b) it indicates 
the minimum current that will flow in the collector circuit under normal 
bias conditions. When the collector voltage exceeds approximately 0.1 
volt, very few majority carriers on either side of the junction can cross the 
resulting barrier, because they do not have sufficient energy. Therefore, 
with the emitter circuit open, the collector current starts from zero for 
V CB = 0 and saturates at /, or I co for values of V CB greater than 0.1 volt 
until breakdown or carrier multiplication occurs. 
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Fig 3 . 2 . Static characteristics for the NPN fomm-base connection: 
Sfoutput characteristics and (b) input charactenst.es. 
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The value of a may be obtained by finding the product of the three 

aP^ma e^L sam^e! In order to simplify our immediate 
SJg ^wili assume that r^ ^sort^L^^- "W* ^ 
the transistor d-c currents are: 



(a) 
(b) 
(c) 



emitter current = Je 

base current = ( 1 - a)J E - ^co 
collector current = alg + Jco 



(3.2) 
(3.3) 
(3.4) 



Example 3.1. A type 2N43 transistor has an a of 0.98 and an 
/* oMO "a. FinTthe base and collector currents when the 
emitter I E is 1 ma. 
Solution: The collector current is 

I c = 0.98 x 1 ma + 10 /ia 

= (980 + 10)^a = 990 //a = 0.99 ma 

The base current is 

i B = (l - 0.98)(1 ma) - 10 /ia 
= (20 - 10)na = 10 /ia 
Note that the collector and emitter d-c currents are almost equal. 

A stud* of the static-output characteristic curves for the common base 
(CB)7onnection reveals several interesting points. 

1 The collector current and the emitter current are approximately 
' equal over almost the entire operating range. 

2 The pacing between adjacent curves is almost constant indicating 
that 1 chanses very little with variations in collector voltage. 

3 Th iSC curves does not change drastically for different 
values of L indicating that « is relatively constant with changes 

4 The'collector current is not zero when I E is zero but has a value 
If C Most silicon transistors and many germanium units have 
/ values of less than 1 /xa at room temperature. 

5 All curvts have a slight positive slope due, in part, to the current 
' multiplication effects in the collector junction. 0 

6 For low-emitter currents, l c does not reach zero for V c - 0. In 
order to reduce I c to zero, the collector voltage must be reversed. 

The input curves for the CB connection are very nonlinear. These 



l§3.1] 

curves are effec 
modified slight 
collector volta 
reduces the eft 
in a thinner ba 
collector-to-b; 



Fig. 3 
config 



Inthec' 
is an input 
output cha 



If a were : 
be obtaine 
and (3.4). 
shown. W 
CB curve: 
following 

I 

5 
1 
r 



77 

j] THE JUNCTION TRANSISTOR 

curves are effectively determined by the ^1^^^!*^^ 
collector-to-base reverse-bias voltage is applied. 




F/g. 33. Bias arrangement for a NPN transistor connected in the CE 
configuration • 

In thec^mt^^ 
is an lnplirv^ria^^ the running variable for the static 

ou^uXracteristic curves. As indicated above, the base current is 

I B = (1 - a)/ E - ho 

If a were absolutely constant, the output curves for the CE 

be obtained from the output curves of the CB connection and Bj. (3.3) 

and Small variations in a do occur over the ranges of c ^j 

Sown! While a change of one or ^XceT^^ £ 
CB curves, a large change is apparent in the CE case, as inaica 

following example. 

Example 3.2. A transistor has an « of 0.98 and an I co current of 
is 1 ma and V CE is 6 volt, When V CE is increased £ 
12 volts ana / £ remains at 1 ma, a increases to 0.99. Find the 
measured base-current values for the two cases. 

Solution: 

(a) /« = (!- °- 98 ) 1 ma - 5 /ta = 15 f« 

(b) / B = (l - 0.99)1 ma - 5 /ia = 5 /ia 
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An increase of approximately one per cent in a reduces the base 
current to one-third of its initial value. From this example, we 
see that the spacing between adjacent base-current curves is very 
sensitive to changes in a. 

Problem 3.1. Find the collector current corresponding to zero base 
current for each of the conditions in Ex. 3.2. (Arts, (a) 0.245 ma) 

Thither « nor I r n remains absolutely constant over the workingjange 
of fr and V ct . I co increases with an increase in V CEi causing the curves 
Tfconstant base current in Fig. 3.4 to have an appreciable positive slope. 
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Fig. 3J. NPN common-emitter static characteristics: (a) output 
characteristics and (b) input characteristics. 

Changes in a produced by an increase* in emitter (or collector) current 
cause the distance between adjacent current curves to vary. Defining the 
current .gain ifor _the CE config uration as /?, wehave 



ft A/c 
*"ZT t 



(3.5) 



Vce const 



By comparing the two sets" of output characteristics, we observe that the 
value of 0 is much larger (20 to 200 times larger) than a and is also much 



• The transport factor depends upon the ratio of the number of majority carriers in 
the eSerTthe number of minority carriers in the base. In an NPN trans.stor, this 
SoTs n In As the transistor current increases, the number of stored charges m the 
bJse merit «ulg this ratio (and therefore the transport factor) to decrease. When 
the transport factor decreases, « decreases. 
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I, dependent on the operating curren, : - *om " 

Tnd (3.4) the r^nship between «jndj[ - 

/} = «/(! -a) ^ 

CE curves shown to Fig. 3.4 have the same shap ^ ^ 



not true. 



125 /ia. 

So/uf/on: From the curves, 

A/ c = 3.6 - 2.5 = 1.1 ma 
From the data given, 

M B = 125 - 100 = 25 /ia 
0 = 1100/25 = 44 

100, find the collector current (a) when / B 

M/w. (a) 50 /*a) . 
ProHem 33. If /co ^ a «^^J^^ 

3.2. TRANSISTOR EQUATIONS 

The two sets «*~^J^£2^tt 
design work and are usually av^able from^ manu etrica i 

TheL curves may be generated ^^^Listors. A study of 
equations governing the f**™™**!™^ opera tion of a transistor. 

t Le equations will yield ^^ftS^ «* -™ ^ ° f ^ 
Since the emitter and the collector bom may 

either can emit or collect In iVfg^Xw** allays) much larger 
be different, and the collector - «^ b in the usual case, the 
physically than the emitter for two Second> when the 

Collector must dissipate more pow« than £ ^ ^ there . 
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